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• e-beam 
•emittance

- source size measurements
- pinhole
- CRL

•particles energy spread
• Photon beam

•commissioning
- ID radiation centering

•position monitors
- feedback

X-ray diagnostics objectives
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e-beam Diagnostics
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e-beam Source Size
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0, 3, 8 Damping wigglers

3PW

BM BM
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e-beam / Radiation
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BM 3-pole wiggler

σx [µm]

σy [µm]

σx’ [µrad]

σy’ [µrad]

B [T]

Ec [keV]

σ’ph~1/γ [µrad]

σph [µm]

Lf [mm]

75 140

14 12

56 77

0.8 0.9

0.4 1.14

2.4 6.8

170 170

0.24 0.09

4.3 1.5
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Radiation Sources - Spectral Flux
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3PW
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Diamond BM
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Imaging with Pinhole
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Square Pinhole - PSF

8

5 x 5 µm2

100 x 100 µm233 x 33 µm2

Optimal

10 x 10 µm2

E=12 keV, z=6m, d=10m
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Pinhole setup optimization
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z [m]

PS
F/

M,
 rm

s [
um

]
3PW L=22m

BMA L=16m

E = 20 keV
3PW L=22m

BMA L=16m

7.56

E = 12 keV

BMA
3m

3PW
4.7m

F=0.7

Pinhole position from the source,

Resolution (PSF WFHM) vs. Pinhole position from the source
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X-ray Optics - Resolution
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Yang, Friedsam, ANL/APS/LS-310

Larger NA allows to increase spatial resolution
A Compound Refractive Lens (CRL) optics will be used for high resolution setup
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Compound Refractive Lens (CRL) - PSF
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Calculated Point Spread Functions (PSF)
BM radiation, 0.4T, single electron, Eph=20 keV, σ’=0.05 mrad

CRL - 12 Be lenses, 1-mm-diam, R=50um, z=3.02m, d=12.98m, M=4.3
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X-ray Detection - PSF

12

Spatial resolution is limited by:
• Diffraction:                                      R~λ/NA
• Depth of focus:                               R~δz.NA
• Spherical aberrations of substrate: R~t.NA3

• Photoelectron range

Koch et al, J.Opt.Soc.Am. A, Vol. 15, p.1940, 1998

x10 
objective
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X-ray Detection - beamline setup

• Required spatial resolution
•2-3 µm
• Field of View (FoV)

• is defined by source size, required resolution, objective 
magnification, CCD dimensions

•source is highly asymmetric
•FoV needs to be 2÷3 times of the image size (6σ)

• FoV vs. Resolution
•Different magnification for Horizontal and Vertical directions 
allows to achive required resolution with standard CCD  

•Horizontal and Vertical slits
•Linear CRL for imaging in Horizontal and Vertical planes

13
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Optical Layout - Resolution, FoV
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Units BM BM 3-DW BM 8-DW 3PW 3PW 3-DW 3PW 8-DW
Source size V um 14 14 14 12 12 12
Source size H um 75 49 39 133 137 138

Aspect ratio H/V 5 4 3 11 11 12

z d

2a

V

H

FoV

FoV

Optical 
Eleme

nt

Mate
rial Delta BL Ener

gy D_eff R N f z d L= z
+d PSF M= 

d/z
PSF
/M

Source 
Size 
Hor

Source 
Size 
Vert

 FoV= 
6s*2*M 

Hor

FoV= 
6s*2*M 

Vert

CCD 
FoV

CCD 
# 

pixels

CCD 
pixel 
size

Obj
ecti
ve 
M

Obj
ectiv

e 
Res
oluti
on

CCD 
pixel 
size/

M

CRL keV um um m m m m um um rms um rms um mm mm mm um x um um
V-CRL Be 8.5E-7 BM 20 420 50 12 2.45 3.02 12.98 16 1.0 4.3 0.2 75 14 3.9 0.7 0.9 1000 9.0 10 0.9 0.9
H-CRL Be 8.5E-7 BM 20 428 50 8 3.68 10.28 5.72 16 0.6 0.6 1.1 75 14 0.5 0.1 0.9 1000 9.0 10 0.9 0.9
V-CRL Be 8.5E-73PW 20 430 50 7 4.20 5.66 16.34 22 1.8 2.9 0.6 140 12 4.9 0.4 0.9 1000 9.0 10 0.9 0.9
H-CRL Be 8.5E-73PW 20 428 50 8 3.68 17.33 4.67 22 0.5 0.3 1.9 140 12 0.5 0.0 0.9 1000 9.0 10 0.9 0.9

Slit
V-Slit BM 20 20 2.85 13.15 16 20.1 4.6 4.5 75 14 4.2 0.8 1.8 1000 9.0 5 2.0 1.8
H-Slit BM 20 26 6.00 10.00 16 12.4 1.7 7.3 75 14 1.5 0.3 1.8 1000 9.0 5 2.0 1.8
V-Slit 3PW 20 25 4.69 17.32 22 20.1 3.7 5.6 140 12 6.2 0.5 1.8 1000 9.0 5 2.0 1.8
H-Slit 3PW 20 31 10.00 12.00 22 12.0 1.2 10.0 140 12 2.0 0.2 1.8 1000 9.0 5 2.0 1.8
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Flux Budget
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Source I H V Energy BW X-ray 
Flux Window Filter X-ray 

Flux Scintillator
Scint 
thick
ness

V-ph 
Flux

Objec
tive

V-ph 
Flux

spot 
size H

spot 
size V

V-ph 
Flux/
pixel

mA urad urad keV eV ph/s ph/s um ph/s NA ph/s pixels pixels ph/s/px

BM 0.3T 500 10 10 all all 1.4E+14 - N2 10m 1.6E+12 CdWO4 100 0.3 300 300
BM 0.3T 500 10 10 all all 1.4E+14 Al 1mm N2 20m 2.4E+11 CdWO4 100 2.6E+14 0.3 1.2E+12 300 300 1.3E+7
BM 0.3T 500 10 10 20 20 Al 1mm N2 20m CdWO4 100 4.4E+11 0.3 2.0E+9 300 300 2.3E+4
BM 0.3T 1 10 10 20 20 Al 1mm N2 20m CdWO4 100 8.8E+8 0.3 4.1E+6 300 300 4.5E+1
BM 0.3T 500 10 10 all all Al 1mm N2 20m CdWO4 10 9.3E+13 0.3 4.3E+11 300 300 4.8E+6
BM 0.3T 500 10 10 20 20 Al 1mm N2 20m CdWO4 10 1.2E+11 0.3 5.6E+8 300 300 6.2E+3
BM 0.3T 1 10 10 20 20 Al 1mm N2 20m CdWO4 10 2.4E+8 0.3 1.1E+6 300 300 1.2E+1

BM 0.4T 500 10 10 all all 2.5E+14 - N2 10m 1.0E+13 CdWO4 100 0.3 300 300
BM 0.4T 500 10 10 all all 2.5E+14 Al 1mm - 5.0E+12 CdWO4 100 0.3 300 300
BM 0.4T 500 10 10 all all 2.5E+14 Al 1mm N2 20m 2.5E+12 CdWO4 100 3.0E+15 0.3 1.4E+13 300 300 1.5E+8
BM 0.4T 1 10 10 all all 5.0E+11 Al 1mm N2 20m 5.0E+9 CdWO4 100 6.0E+12 0.3 2.8E+10 300 300 3.1E+5
BM 0.4T 500 10 10 20 20 Al 1mm N2 20m 4.4E+9 CdWO4 100 5.5E+12 0.3 2.6E+10 300 300 2.8E+5
BM 0.4T 1 10 10 20 20 Al 1mm N2 20m 8.8E+6 CdWO4 100 1.1E+10 0.3 5.1E+7 300 300 5.7E+2

3PW 500 10 10 all all 2.0E+15 - N2 20m 9.6E+14 CdWO4 100 0.3 4.6E+15 300 300 5.1E+10
3PW 500 10 10 20 20 1.3E+12 - N2 20m 8.7E+11 CdWO4 100 0.3 3.3E+13 300 300 3.7E+8
3PW 1 10 10 20 200 2.6E+09 - N2 20m 1.7E+09 CdWO4 100 0.3 6.6E+10 300 300 7.3E+5
3PW 500 10 10 all all 2.0E+15 Al 1mm N2 20m 6.0E+14 CdWO4 100 8.3E+16 0.3 3.9E+14 300 300 4.3E+9
3PW 500 10 10 20 20 1.3E+13 Al 1mm N2 20m 3.9E+11 CdWO4 100 4.8E+14 0.3 2.2E+12 300 300 2.5E+7
3PW 1 10 10 20 20 2.6E+10 Al 1mm N2 20m 7.8E+08 CdWO4 100 9.6E+11 0.3 4.5E+9 300 300 5.0E+4
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X-ray Diagnostics Beamlines Layout
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BM-A source

3PW source

Sector 22

Imaging

Imaging
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BM-A Layout (girder)

17

V-CRL
V-slit

Window
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BM-A Layout (girder)
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V-CRL

V-slit

Window
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3PW Layout (girder)

19

V-CRL
V-slit

Window
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3PW Layout (girder)
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V-slit

V-CRL

Window
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Insertion Devices Commissioning

21
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ID radiation - Dipole Chamber
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SCALE  1  :  4

SECTION    A-A
  

  
SCALE  1  :  8

DETAIL    C
SCALE  1  :  2

DETAIL    D
SCALE  1  :  2

DETAIL    E
SCALE  1  :  2

SECTION  B-B
SCALE  1  :  4

SECTION  F-F
SCALE  1  :  4

AA

  FLANGE,  WELDMENT,  6.00  PUMP  PORTSR-VA-CHM-0034232
Steel,  MildHexagon  Socket  Head  Cap  ScrewANSI  B18.3  -  No.  10  -  24  UNC  -  1  

HS  HCS
81

  FLANGE,  END,  6.00  X  6.00  WELDMENTSR-VA-CHM-003613
  FLANGE,  END,  6.00  X  4.625  WELDMENTSR-VA-CHM-003714
MAKE  FROM  PART  
NO.  SR-VA-CHM-5105

CHAMBER,  MACHINING,  90mm  DIPOLE  SR-VA-CHM-3302111

  WATER  CONN,  DIPOLE,  DWNSTRM,  BEAM  SIDESR-VA-CHM-006927
ALUM,  6061-T651  SPACER,  RF,  DIPOLE  TO  BELLOWSSR-VA-CHM-006726
  WATER  CONN,  DIPOLE,  UPSTRM,  NEG  SIDESR-VA-CHM-006515
  WATER  CONN,  DIPOLE,  NEG  SIDESR-VA-CHM-006314
AL/SSTFLANGE,  3.370  CF,  NR,  AL/SSTSR-VA-CHM-004513
  FLANGE,    2.75  CF,  NR,  AL/SSTSR-VA-CHM-002532

PARTS  LIST
MATERIALDESCRIPTIONPART  NUMBERQTYITEM

C

D

E

B

B

F

F

A B C D

1

2

STORAGE  RING
VACUUM  SYSTEMS,  CHAMBERS

CHAMBER,  S3  ODD,  90mm  WELDMENT

SR-VA-CHM-3303 A
SHEET  SIZE DRAWING/PART  NUMBER REVISION

SHEET                      OF1   1  

DRAWN  BY

CHECKED  BY

VACUUM
APPROVAL
ENGINEER
APPROVAL
SUPERVISOR
APPROVAL

C.  LONGO
  
  
  
  

  
  
  
  

E
WBS# 1.03.04.03.01

UNLESS  OTHERWISE  SPECIFIED
ALL  DIMENSIONS  ARE  IN  INCHES

  
DIMENSIONS  IN  BRACKETS  [xx.xx]  (WHERE  PRESENT)
ARE  MILLIMETERS  AND  ARE  FOR  REFERENCE  ONLY

  
INTERPRET  DRAWING  AS  PER  ANSI  Y14.5-1994  OR  Y32.2-1975

DIMENSIONAL  TOLERANCES  
  X.     0.060
.X     0.030
.XX     0.015
.XXX     0.005

ANGULAR  TOLERANCE  
  .5

FINISH

THIRD  ANGLE
PROJECTION

BREAK  EDGES  &  SHARP  CORNERS  0.005  MIN.  TO  0.030  MAX

10/22/2009

BROOKHAVEN  NATIONAL  LABORATORY
BROOKHAVEN  SCIENCE  ASSOCIATES

UPTON,  NEW  YORK  11973
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Exploring  Life's  Mysteries,  
                                                    Protecting  its  Future

SCALE:
SEE  DWG  VIEW

125

PROJECT:    ESH&Q
RISK  LEVEL   

ES&H  APPROVAL      
SR-VA-CHM-5100NEXT  ASSY: QA  APPROVAL      

REVISION  HISTORY
REV DESCRIPTION DATE DESIGNER CHECKED   ENGINEER
A INITIAL  RELEASE 10/22/2009 C.  LONGO      

UNRELEASED
9-2-2010

11
1

2
3

VT
BOTH  ENDS

3X
VT

VT

3
1

NOTES:
  
1.    ALL  VT  (VACUUM  TIGHT)  WELDS  MUST  PASS  A  HELIUM  LEAK  TEST  OF  2  X  10  -10  STD  CC/SEC  He.
  
2.    ALL  WT  (WATER  TIGHT)  WELDS  MUST  PASS  A  60  PSI  HELIUM  PRESSURE  TEST.
  
3.    WELD  QUALITY  REQUIREMENTS  OF  MIL-STD-2219  FOR  CLASS  B  WELDS  MUST  BE  MET.
  
4.    USE  4043  FILLER  WIRE,  .045  DIA,  PROTECT  FILLER  WIRE  FROM  OXIDATION  AT  ALL  TIMES.
  
5.    EACH  JOINT  TO  BE  HAND  SCRAPED  WITHIN  4  HRS  PRIOR  TO  WELDING.
  
6.    ALL  PRODUCTION  WELDS  MUST  BE  100%  VISUALLY  INSPECTED.  
  
7.    MAINTAIN  WELDING  PROCEDURE  AND  INSPECTION  RECORDS.
  
8.    WELD  BEAD  NOT  TO  PROTRUDE  BEYOND  INTERIOR  SURFACE  ON  BEAM
          CHANNEL  SIDE,  EXCEPT  AS  NOTED.
  
9.    FINISHED  ASSY  MUST  BE  FREE  OF  PARTICLES  AND  CHEMICAL  FILM  
          INSIDE  CHAMBER  AND  ON  FLANGE  FACES.
  
10.    PROTECT  ALL  FLANGE  FACES  FROM  NICKS,  SCRATCHES,  DIRT  AND  
            CONTAMINNANTS.
  
11.    2X,  HOLD  ITEM  NO.  8  IN  PLACE  USING  ITEM  NO.  1  WHILE  WELDING.  
              REMOVE  UPON  COMPLETION.
  
12.    FABRICATE  IN  ACCORDANCE  WITH  BNL  SPEC  LT-ENG-RSI-SR-VA-002.
  
  
  
  

SEE  NOTE  8
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.10 1 2X
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SEE  NOTE  11
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Diamond Screens for NSLS-II commissioning

Diamond 
Screen



BROOKHAVEN SCIENCE ASSOCIATESP. Ilinski, X-ray Diagnostics, NSLS-II ASAC, Feb. 1-2, 2012 24

Diamond Luminescent Screens

Diamond X-ray beam monitors
Diamond Materials, Freiburg, Germany
Available options:
Type#     Free-standing diamond fluorescence screen
Options#     Defined sub-micron surface roughness to scatter the light from laser
Material#     Optical transparent diamond, doped for increased fluorescence yield
Thickness    > 20 µm
Size #     Up to 75 mm; rectangular, circular or elliptical

CVD Diamond Screens for PETRA III Beamlines

M. Degenhardt, U. Hahn, H. Schulte-Schrepping

HASYLAB Annual Report, DESY 2009
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Diamond Luminescent Screens at PETRA-III
CVD Diamond Screens for PETRA III Beamlines

M. Degenhardt, U. Hahn and H. Schulte-Schrepping
HASYLAB Annual Report, DESY 2009

Alignment of the PETRA-III undulator beam in the pre-aligned front-end of beamline P09
a) Bending magnet radiation, b) Bending magnet and undulator radiation, 
c) ongoing alignment, d) properly aligned undulator beam
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X-ray Beam Position Monitors
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Typical NSLS-II Front End Configuration

27
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Thermal Stability of XBPM Head

100 watts applied to pre-mask
Common support structure

(thermally coupled)

100 watts applied to pre-mask
Separate support structures

(thermally de-coupled)

6µm vertical
displacement 

0.3µm vertical
displacement 

28

XBPM
Head

Pre-mask
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XBPM Assembly Layout

SECTION  A-A
SCALE  .3

A

A

47.244
[1200.00]

7.970
[202.44]

CF  FLANGE

35.000
[889.00]

10.250
[260.35]

6.619
[168.13]

1.500
[38.10]

INVAR  BPM  
BLADE  HEAD
MOUNT

INVAR
SUPPORT

INVAR
HORIZONTAL/VERTICAL
ADJUSTMENT

INVAR

PRE-MASK

BPM  BLADE  HEAD

HIGH  RESOLUTION
X/Y  STAGE

GROUT  PAD

CHAMBER,  8"  TEE
(MDC  P/N  404041
  OR  EQUIVALENT)

6.125
[155.58]

4X  FIDUCIAL
MOUNTS

Invar slit stand inches mm change 
degrees C

change 
degrees F MATERIAL in/in/deg 

F
EXPANSION 

inches
EXPANSION 

mm
EXPANSION 

microns
top and bottom plates 2.0 50.8 0.2 0.36 INVAR 7.2E-07 5.2E-07 1.3E-05 0.00

stand tube 35.3 895.4 0.2 0.36 INVAR 7.2E-07 9.2E-06 2.3E-04 0.23
stage 3.5 88.9 0.2 0.36 ALUMINUM 6061 1.3E-05 1.6E-05 4.2E-04 0.42

slit body 1.8 44.5 0.2 0.36 COPPER 9.8E-06 6.2E-06 1.6E-04 0.16
threaded rods 3.5 88.9 0.2 0.36 INVAR 7.2E-07 9.1E-07 2.3E-05 0.02

0.83
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NSLS-II IVU-20, 10m, K=1.8, Tungsten Blades

30

Power density and XBPM Signal distribution
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Blade Temperature Distribution
Blade Optimization

Tungsten, 0.2mm FBM, 0.2mm BNL

31
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Conclusions

32

• e-beam diagnostics beamlines 
•research - completed

- two interchangible setups (pinhole/CRL)
•beamline design - 80% completed

• Diamond Luminescent Screens
•PETRA-III blueprints

• X-ray BPMs
•optimization - ongoing
•assembly - in design
•FMB - in contact


